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GAS CHROMATOGRAPHY 

Background 

Gas chromatography is a powerful means of performing qualitative and quantitative 
measurements of complex mixtures of volatile substances. In this experiment you will use gas 
chromatography for quantitative analysis of complex mixtures and determine parameters used 
to optimize the separation. The experiment uses common industrial solvents; cyclohexane 
nnethylene chloride (CH2CI2), and toluene (C2Hg). They are toxic, must be handled 

with respect, and must be disposed of in appropriate containers. 
Theoretical Plates 

The separation process in gas chromatography can be compared to a multiple distillation or a 
fractional distillation using a reflux column. Gas chromatography uses relatively long packed or 
open tubular capillary columns and is subsequeniiy fdr more efficient at separation than 
fractional distillations with short reflux columns. In addition, gas chromatography uses packing 
or stationary phases that can be liquid or solid and may exhibit an affinity toward the 
compounds being separated. The column efficiency of a gas chromatography column is 
gauged by the number of theoretical plates, n. The concept of a plate is a carry-over from the 
first fractionating columns which used discrete plates for separation. The chromatography 
column does not have discrete plates. The number of theoretical plates is the number of 
discrete distillations that would have to be performed to obtain an equivalent separation. This 
number is commonly used as a measure of separation efficiency and is a useful number to use 
when comparing the performance of various chromatographic columns. Gas chromatography 
columns normally have 1 ,000 to 1 ,000,000 theoretical plates as opposed to fractionating 
columns which normally operate in the range of 5-100 plates. 

The number of theoretical plates, n, is a dimensionless number, which is related to the ratio 
between the retention time, f^, and the width of the peak containing the compound. If the peaks 

are reasonably symmetric, it can be assumed that they are Gaussian in shape. In this case, n 
is found from: 

n^5A5{t/Wy^f 

The peak width at half height, is found by drawing a line vertically from the peak 

maximum to the baseline, measuring half-way up the peak, drawing a horizontal line, and 
measuhng the length of the horizontal line. The retention time, t^ is measured at the point 

where the vertical line drawn through the maximum intersects the baseline. Both f^and W^^ 

must be measured in the same units. Since the measurement is usually made from a recorder 
chart, the units are usually in cm. mm, or in. n varies depending on the compound as well as 



Height Equivalent to a Theoretical Plate 

Since n depends o^^ the length of the coiv^'rwi afiotf-ier t^arafv^eter 'S ...sed evp'ess "-O'^i^'v^ 
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efficiency. It is the height (length of column) equivalent to a theoretical plate, HETP, or just H 

H=Un 

where L is the length of column in cm or mm. Thus H is the length of column which represents 
one theoretical plate in units of cm/plate or mm/plate. 

The effect of flow on column efficiency is usually shown by plotting H versus flow rate or linear 
velocity. Such a plot is shown in the figure. Note that the H line goes through a minimum. The 
minimum occurs at the optimum flow velocity. The simplest equation for the curve in the H 
versus v figure is the van Deemter equation: 

H=A-^B/v-^Cv 

A van Deemter plot for gas chromatography can seen below. A, B and C are constants and v 
is the linear velocity, the carrier gas flow rate. The A term is independent of velocity and 
represents "eddy" mixing. It is smallest when the packed column particles are small and 
uniform. The 6 term represents axial diffusion or the natural diffusion tendency of molecules. 
This effect is diminished at high flow rates and so this term is divided by v. The C term is due 
to kinetic resistance to equilibrium in the separation process. The kinetic resistance is the time 
lag involved in moving from the gas phase to the packing stationary phase and back again. 
The greater the flow of gas, the more a molecule on the packing tends to lag behind molecules 
in the mobile phase. Thus this term is proportional to v. 
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Quantitative Analysis 

Chromatographic detectors have different responses to each compound. In order to determine 
quantitative amounts of various compounds in a separation mixture, the detector response 
must be calibrated using standards. Standard solutions of the analyte are injected and the 
detector response recorded. Comparison of the standard and sample retention times allows 
qualitative analysis of the sample. Comparison of the peak area of the standards with that of 
the sample allows quantitation of the analyte. The peak area can be determined by measuring 
it directly on the chart recorder output with a planimeter, or by carefully cutting out the peak 
and weighing it on an analytical balance Chromatographic integrators which calculate the area 
automatically are also commonly used. 



wmnowns ib men rr-)ijrin npTprmining tneir pe3K areas ana reading tMe correspoiiuiriy dinuunib 
from the calibration curve. If the relationship is linear, the data can be fitted by linear least 
squares to determine a response equation, or a conversion factor can be calculated for future 
use 
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Apparatus 

• Gas chromatograph with thermal conductivity detector (TCD). 

• Digital flow meter and temperature monitors 

• Computer data aquisition with peak-integration software 

• Digital balance 

Instrument Settings 

• Column: Lx 1/4" DNP 

• Flow rate: 60 mL/min 

• Temp, setting: 75 °C 

• Attenuation: as required 

Procedure 

1. Make 1 laL injections of each of pure cyclohexane, methylene chlohde, and toluene. 
Measure retention times of each. Measure the peak areas of each via the "cut-and- 
weigh" method or directly with a chromatographic integrator if available. 

2. Prepare about 5 mL of a 1:1:1 by weight solution of cyclohexane, methylene chloride and 
toluene using a digital balance and a pipette. Inject a 1 |iL sample of the mixture. 

3. Prepare four different mixtures (by weight) of toluene and cyclohexane, using equal 
amounts of cyclohexane but varying the amount of toluene (about .25:1, .5:1, .75:1, and 
1:1 toluene to cyclohexane (w/w).) Inject 1 laL of each mixture. 

4. Obtain a toluene unknown mixture from the Teaching Assistant. Make 1 \iL injections to 
determine the amount of toluene relative to cyclohexane. 

Calculations 

1 . Calculate the number of theoretical plates for cyclohexane, methylene chloride, and 
toluene at 60 mL/min flow. 

2. Determine the detector response for toluene and methylene chloride relative to 
cyclohexane as a ratio of peak areas. 

3. Determine the peak area ratio (toluene/cyclohexane) for each standard mixture using 
either the automatic integrator. Plot the relative detector response curve. 

4. Depending on the relationship between peak area and toluene standard solution 
concentration, plot a calibration curve or determine a linear conversion factor for 
converting peak area to concentration (w/w) in mg/g. 

5 Determine the concentration of toluene in the unknown based on the calibration step. 

Report 

Report the concentration of the toluene unknown m ma/o thp Kvn rpiqiiwo rjptor^fnr roQpnr^co 
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A simple, rapid method to predict drug transport across biologi- 
cal barriers has been a long standing objective in the pharma- 
ceutical sciences. A major barrier to transport of the drug into 



LI v^cii lo LI ic; oc^ii 



membrane. The prediction of druy trcmSport 



through any biological membrane barrier is typically a lengthy 
process that requires substantial experimental work 
Immobilized Artificial Membrane (lAM) chromatography 
phases mimic the lipid environment found in cell mem- 
branes Since phosphatidylcholine (PC) is the major phos- 
pholipid found in cell membranes, lAM phases prepared 
from PC analogs are models of cell membranes. These 
materials model the hydrophobic and hydrophilic contribu- 
tion of a drug's partitioning and can be used for elucidating 
drug-membrane interactions. Therefore, Regis' lAM HPLC 
Drug Discovery columns are useful tools for predicting drug 
membrane permeability. 



lAM 

Chromatography 

Immobilized Artificial Membrane (lAM) chromatography is a 
useful technique for analysis and purification of many bio- 
logical molecules. Originally developed by Professor 
Charles Pidgeon at Purdue University, the lAM stationary 
phase consists of a monolayer of phospholipid covalently 
immobilized on an inert silica support. The resulting lAM 
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lAM Drug Discovery Columns 



which emulates the exterior of a biological cell mem- 
brane. lAM chromatography is useful for the analytical 
and preparative separation of membrane-associated 
proteins and has been used for the non-covalent immobi- 
lization of membrane associated proteins. lAM chroma- 
tography has recently gained acceptance for the chro- 
matographic estimation of the membrane permeability of 
small molecule drugs. 



lAM Surface Emu- 
lates the Surface 
of a Biological 
Membrane 
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Estimating Drug 
Permeability 

• lAM chromatography has recently gained acceptance for 
the chromatographic estimation of the membrane perme- 
ability of small molecule drugs. 

• Estimation of drug permeability using lAM chromatography 
provides better correlation with experimentally determined 
drug permeability than other chromatographic techniques, 
such as the use of ODS silica. 

• lAM retention of analytes more closely mimics the interac- 
tion of analytes with biological membranes, where a combi- 
nation of hydrophobic interactions, ion pairing interactions 
and hydrogen bonding interactions are possible. ODS 
silica, however, only provides retention of analytes solely 
on the basis of hydrophobicity. 

• lAM chromatography measures phospholipophilicity! 



Rapid and Eco- 
nomical 

• lAM chromatography is a rapid and economical alternative 
to more expensive and labor intensive methods of estimat- 
ing drug permeability such as the use of liposome assays, 
CACO-2 cell line cultures, or intestinal tissue. 

• lAM chromatography provides an estimate of drug perme- 
ability in a fraction of the time and at a fraction of the cost 
of conventional assay procedures. 

• Data provided by the lAM chromatography method gener- 
ally correlates with experimentally determined drug perme- 

r)bilitV least VA/pH thp H^t?) nhfp\\nnr^ fr.>.> - 
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A Comparison of a 
C18 Drug Discov- 
ery Column and the 
IAM.PC.DD2 



Types of Interaction 


C18 Drug Discovery Column 


1 IAM.PC.DD2 


Hydrophobic Inter- 
action? 






Hydrogen Bonding? 






Ion-Pairing? 







It is critical for a chronnatographic surface to accurately nnoni- 
tor the interaction between solutes and biological membranes, 
that there be an ordered monolayer of immobolized lipids 
containing both a polar and a nonpolar region. The success of 
the lAM chromatography is based upon the similarities be- 
tween the immobolized ligands comprising lAMs and the 
phospolipids comprising membrane bilayers. 

Correlation with 
CacO'2 Cell Per- 
meability jhe permeability of drugs through Caco-2 cells which corre- 
lates with clinical absorption of drugs is an established model 
for evaluating the transport properties of drugs across biologi- 
cal membranes. lAM drug partitioning shows excellent correla- 
tion with intestinal drug permeability (log Pm) through Caco-2 
cells. The retention factors measured on reversed phase C18 
columns fa nommonlv iisf^r) model tn detorminp Hr-'io pnrtjtir-.r- 
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Comparing lAM 
Chromatography 
to CacO'2 Cell 
Permeability 

1 . Propranolol 

2. Alprenolol 

3. Warfarin 

4. Metoprolol 

5. Hydrocortisone 

6. Terbutaline 

7. Atenolol 

8. (AVF) Arginine- Vasopressin 



Column: I AM Fast Screen Mini Column 

1 cm X 3.0 mm i.d. 
Elucnt: 0.01 M DPBS Buffer, pH = 7.4 

Flow Rate: 0.5mL/min 
Load: 10 |iL 

Detection: UV 220 nm 



0.9085 



Figure 2 



Correlation of intestinal drug permeability (log P^) through 
Caco-2 cells with drug partitioning into lAM Fast-Screen Mini 
Columns, (log k',^^). 

The permeability of drugs through Caco-2 cells is an estab- 
lished model for evaluating the transport properties of drugs 
across biological membranes. Drug permeability in Caco-2 
cells correlates with the clinical absorption of drugs. As shown, 
Drug permeability correlates well with drug capacity factors k' 
,,,, measured on the lAM Fast-Screen Mini Columns. 
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Initial Screening 
of Drug Perme- 
ability 

lAM chromatography is increasingly used for an initial 
estimate of the drug permeability of drug candidates, 
produced by combinatorial chemistry. Analysis of libraries 
of such candidates by high throughput screening requires 
an assay method which is inexpensive, reproducible, 
rapid and dependable. 



IAM,PaDD2 

• The IAM.PC.DD2 column is also used to predict drug 
membrane permeability. The ester bonding of the DD2 
packing offers more hydrophobicity than does the DD 
phase. This material is a diacylated or double chain ester 
PC ligand, and is endcapped with C10/C3 alkyi chains. 

• The IAM.PC.DD2 is more stable at higher pH. 

• The increased hydrophobicity gives longer retention times 
to compounds not well retained on the lAM.PC.DD col- 
umn. 



• Like the DD it shows excellent correlation to traditional 
methods. 
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Estimation of 
Drug Permeabil- 
ity 



The lAM Fast-Screen Mini Column is a specially designed 
1cm X 3mm cartridge column that contains the widely used 
and dependable IAM.PC.C10/C3 stationary phase 
support. 

Developed by Regis researchers to provide a tool that can 
be used for a very rapid estimation of drug permeabiiiiy in 
high throughput screening programs. 



The lAM Fast- 
Screen Mini Col- 
umn for Drug 
Discovery 

• Like any short column, the 1cm lAM Fast-Screen Mini 
Column has only about 5% of the theoretical plates of a 
conventional analytical column. This means that the col- 
umn is much less efficient for resolving the peaks of multi- 
component sample mixtures. However, the column can be 
used for accurate and reproducable determination of the 
retention of individual components. 

• The 1cm lAM Fast-Screen Mini Column is offered not as a 
separation tool, but rather as a tool for characterizing the 
chromatographic retention factor (k') of individual analytes. 
The measured k' of analytes on this column can be used to 
estimate a value for drug permeability. 
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Permeability 
Zones for Mass 
Screening of 
Compounds 



Permeability Zones 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 
f^igure 3 compound 

Permeability Zones can be determined for different analytes 
when performing large scale drug absorption screening. It 
can show whether a compound has low, medium or high per- 
meability. 



Advantages of the 
lAM Fast-Screen 

Mini Columns 

• Rapid Indication of Dmg Absorption * 

• High Sgjmple Throughput 

^^-^^:>'GostEffective"*:-^: --^t'-rtw • --^r^ 

• IHighty Reproducible Results 

• Absorption Zones Established for Mass Scr^sening 
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Why Use Regis' 
lAM Columns 

lam Chromatography allows a; 



Faster 

% Morf Reproducible Method fpr predicting drug ad 
sorption in comparison to other methods such as 



Mobile Phase 



We obtain the Dulbecco's Phosphate Buffered Solution Sa- 
line from Sigma. The Sigma catalog number is D-8537. All the 
chromatographer needs to do is adjust the pH in the bottle and 
use the solution straight. 
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